The ethanol, methanol and acetone extracts of Aloe vera gel were studied for their antimicrobial activity against four Gram-positive and Gram-negative bacteria using agar well diffusion method. The extracts showed varied levels of antimicrobial activity against the tested pathogens. The ethanol and methanol extracts showed higher activity while acetone extract, showed least or no activity against most of the tested pathogens. Fractions obtained from the extracts by Thin Layer and Column Chromatography were studied for their antagonistic properties using Spot Assay Technique. Compounds with maximum antibacterial activity isolated from the ethanol and methanol extracts were identified as p -coumaric acid (Mol. wt.165), ascorbic acid (Mol. wt.177 ), pyrocatechol (Mol. wt.110 ) and cinnamic acid (Mol.
INTRODUCTION
Aloe vera is an ornamental and medicinal plant. It is being used therapeutically, since Roman times and perhaps long before (5, 20) , different properties being ascribed to the inner colorless leaf gel and to the exudates from the outer Aloe also has the ability to stimulate macrophages (6) .
To date more than 75 ingredients have been identified from Helicobacter pylori and Salmonella typhi (16, 23, 24, 27) .
Whole leaf components are proposed to have direct antibacterial properties include anthraquinones and saponin (24, 27) ; While polysaccharides have been attributed within direct bacterial activity through the stimulation of phagocytic leucocytes to destroy bacteria (16, 23) .Due to the increasing development of antibiotic resistance, the emphasis of the present study is being given on the use of Aloe vera as a natural remedy for the inhibition of various infections and to identify the different compounds.
MATERIALS AND METHODS

Collection of Plant Material
Aloe vera leaves were collected from the Department of Horticulture, Allahabad Agricultural Institute-Deemed University, Allahabad.
Test Organisms
Reference Chandigarh, India were used in the study.
Preparation of Aloe vera Gel
The fully expanded leaves of Aloe vera were selected from the plants, washed with distilled water and were subjected to surface sterilization with 70% ethyl alcohol followed by 0.1% HgCl 2 . The parenchymatous covering of the leaves were peeled and the gel drained out. Slurry was formed with the help of pestle and mortar.
Preparation of the Extracts
For the preparation of ethanol and methanol extracts, This dried extract was further powdered and then dissolved in distilled water. Acetone extract was prepared in a similar manner except that the extracted powder was dissolved in 0.15N NaOH and was further neutralized with 0.15N HCl (22) .
Antibacterial Activity of the Aloe vera Gel Extracts
The antibacterial activity of Aloe vera gel extract was tested using Agar Well Diffusion Technique as described by 
Fractionization of the extract
The extracts with maximum antibacterial activity were fractionated by using Silica gel thin layer chromatography with different concentrations of MeOH:EtOAc ( Table 2 ). The isolated compounds on the TLC plates were visualized using H 2 SO 4 / Methanol (1:9 v/v) followed by heating at 80 0 C for 5 min. After deciding the solvent combination the compounds were isolated by eluting through silica gel (60-120 mesh)
column.
Evaluation of Antibacterial Activity of Different Compounds
The different fractions obtained from the column chromatography were allowed to stand at room temperature till the solvent evaporated. The dried fractions were dissolved in Di-Methyl Sulfoxide (DMSO) and used for screening the antibacterial activity against the selected pathogenic bacteria using Spot Assay Technique as described by Jack et al. (13) . 
Identification of the Antibacterial Compounds
The fractions that showed antibacterial activity against majority of the selected pathogens was further identified using, Gas Chromatography Mass Spectrometry (GCMS)
analyzer (Shimadzu QP-2000). ULBON HR-1 Column equivalent to OV-1 fused with silica capillary 0.25mm X 30M with film thickness 0.25 micron was used for this purpose. The initial temperature maintained was 100°C for 6 min. and then heated at the rate of 10°C per minute up to 250°C at 70eV bombardment energy. Carrier gas Helium was used at the rate of 2ml per minute.
Statistical Analysis
The data recorded during the course of investigation were statistically analyzed applying Analysis of Variance (ANOVA), two way classification and F-test at 5% significance level to calculate the significant difference between the organisms, solvents and the replicates.
RESULTS AND DISCUSSION
Antibacterial activity of Aloe vera gel extract against selected pathogenic bacteria
The antibacterial property of Aloe vera gel extracted using different solvents showed varying degree of response towards the selected pathogens ( Generally the extracts showed greater antibacterial activity against Gram-positive as compared to Gram-negative bacteria. With respect to individual pathogens, ethanol extract showed greater inhibition than methanol extract while, significantly lower inhibition was observed with acetone extract (p<0.05).
As is in the present study, other workers have reported antibacterial properties of ethanol extracts of A. vera gel against the pathogens selected in the study (1, 24) . In the study conducted by Martinez et al. (18) no antimicrobial activity was reported using, aqueous extract of A. vera leaves. Table 2 ). The observation of the present study are in contrast with the studies of Speranza et al. (1985 Speranza et al. ( , 1986 ), where only one major spot with different R f value was obtained through the TLC of the methanol extract of Aloe sp.
The variability in the R f value of the compounds could be due to its dependence on the amount of sample applied, the saturation state of the chamber, relative humidity, temperature and the traveling distance of the solvent front.
Isolation of different compounds in the Aloe vera gel extracts
The different compounds in the methanol and ethanol extracts of A. vera gel were isolated by eluting in the stepwise gradient solvent system determined in TLC, described previously in Table 2 . In the methanol extract The fractions with similar R f values were pooled together and labelled accordingly. Further, to distinguish the fractions of methanol and ethanol extract a difference in the numbering system was also followed ( vera gel extracts. However, the data could not be compared because the method of evaluation of antibacterial activity was different from the present study. 
Antibacterial Compounds from Aloe vera gel extracts
The fractions (73, 74, C and D), exhibiting maximum antibacterial activity, were identified as Pyrocatechol (Fig. 1 ), Cinnamic acid (Fig. 2) , p-coumaric acid (Fig. 3 ) and Ascorbic acid (Fig. 4) .
The presence of pyrocatechol (Fig. 5) in Aloe vera, already reported by Kametani et al. (14) , is comparable with the present study. Further, the antimicrobial action of pyrocatechol was illustrated by Cowan (4) . Pyrocatechol is a hydroxylated phenol, known to be toxic to micro-organisms.
The site(s) and number of hydroxyl groups on the phenol group are thought to be related to their relative toxicity to micro-organisms and the increase in hydroxylation which further results in increase in toxicity. Further, phenolics also act by denaturing proteins and disrupting cell membranes.
They act as a disinfectant, as a tuberculocidal agent, are effective in presence of organic material and remain active on the surfaces even long after application. The presence of cinnamic acid (Fig. 6) (Fig. 7) observed in the present study is in agreement with the findings of others studies (2, 19, 29, 30) .
The compound is reported to increase the lag phase of the micro-organisms (2) and is also able to inhibit the enzymatic activity of the micro-organisms (30) . Similarly the presence of ascorbic acid (Fig. 8) 
